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INTRODDCnONi 

The  problen  of  microbiological  contamination  of  JP-k  fuel  and  fuel 
aystaaM  baa  been  recognized  by  the  Air  Force  since  1956«  Mioz*oorgani8ai8 
hare  been  found  actively  growing  in  fuel  storage  tanks,  in  integral  wing 
tanka  of  jet  aircraft,  and  in  components  of  fuel-handling  systems.  There 
is  strong  eTldeooe  that  microorganiams  and/or  their  metabolic  by-products 
are  implicated  in  the  clogging  of  fuel  filters,  corrosion  of  fuel  system 
materials,  and  actual  changes  in  fuel  composition.  Adding  to  the  com- 
plazity  of  the  problem  is  the  vide  variety  of  types  of  organisms  which 
have  been  found  growing  in  fuel  samples.  These  include  scbm  common 
aeroDio  bacteria,  sulfate-reducing  bacteria,  iron-depositing  bacteria, 
strict  and  facultative  anaerobic  bacteria,  several  genera  of  filamentous 
fungi,  yeasts,  and  other  aioroorgsnisBis  which  cannot  be  classified. 

One  of  the  difficult  aspects  in  ths  study  and  control  of  those 
microorganisms  is  the  detection  of  the  living  cells  in  fuel  before  the 
appearance  of  the  physical  results  of  their  metabolic  activity,  such  as 
sludge  or  slims  fometion.  Another  problem  is  the  differentiation  of 
living  cells  fr<B  deed  cells,  other  organic  and  inorganic  contaminants. 
Since  it  is  not  possible  to  use  standard  biological  methods  for  enumerating 
or  detecting  organisms  or  for  growth  studies  without  either  altering  the 
metabolic  patterns  or  actually  killing  the  organism,  we  decided  that  a 
technique  that  would  reeaoure  a  metabolic  by-product  of  living  cells  would 
be  most  desirable.  This  technique  also  must  aeot  the  requirmients  of 
simplicity,  specificity,  end  possible  applicability  in  the  field.  Since 
all  living  microorganiaou  produce  carbon  dioxide  as  a  product  of  metabolims, 
a  dateetion  method  baaed  on  measuzament  of  enrbon  dioxide  produced  during 
cellular  respiration  has  been  do  vised.  Non- viable  cells  end  other  orgenio 
and  inorganic  contaicinnnts  end  ntmospherlc  CC2  lovels  do  nut  interfere  with 
tbia  maaaurement. 

MCPEHIMEWTAL  HK)C13XJHf23 ; 

Glass  columns  are  pocked  with  noda  limo  containing  oi  indicator  and  the 
ends  of  the  columns  are  sealed  with  tissue  pnpor.  Thu/  are  placed  near  the 
air-fuel  interface  of  a  JP-4  sample.  The  COp  produced  by  the  contominatlng 
organisms  is  absorbed  on  the  soda  lime  resulting  in  u  color  change  of  the 
indicator.  This  change  in  color  of  the  indicator  reflects  the  presence  of 
living  organisms.  Ths  time  required  for  a  given  length  of  culor  change  is 
an  approximation  of  the  level  of  growth  or  activity  of  cells. 
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EKPERBOMT  1.  This  first  experiment  vae  designed  to  establish  optimum 
colmn  size  and  CO2  absorbent  mesh  size.  Ml  series  of  serum  bottles  containing 
8  ml  of  sterile  Bushnell>Haas  mediun  (see  Appendix  1)  orerlaid  with  J2  ml  of 
sterile  JP-4  fuel  was  inoculated  with  a  fungus  (Hormodendrum) .  lAiinoculated 
sterile  controls  were  set  up  in  a  similar  manner.  Colunns  75  long  with  an 
internal  diameter  of  I.65  mm,  120  nm  long  and  2.5  mm  internal  diameter,  and 
160  BD  long  and  4  nm  internal  diameter  were  packed  with  oarbon>diaxide'' 
indicating  soda  lime.*-  Two  particle  sizes  of  the  soda  lime  were  used,  60-IOO 
mesh  and  l60-200  mesh.  These  colmns  were  suspended  approximately  5  nm  abore 
the  fuel-air  interface  and  the  system  was  sealed  with  paraffin  and  incubated 
at  ro«  temperature.  An  indicator  color  change  occurred  in  all  inoculated 
samples.  Howerer,  the  most  rapid  and  senaitiTS  color  change  occurred  in  the 
systam  using  coltsnna  75  by  I.85  no.  The  two  mesh  sizes  of  the  CO2 
absorbent  showed  approxisately  the  saaw  color  change.  All  controls  were 
negstiTe.  The  indicator  color  change  was  measured  in  w  per  number  of  days 
incubated. 

UPSRIMEyr  2.  In  this  experiment,  a  larger  toIism  system  was  used  to 
determine  if  a  greater  ratio  of  air  to  CO2  would  decrease  the  response  due 
to  dilution.  A  battery  jar  containing  1500  ml  of  sterile  Bushnell-Haea 
mediisi  OTerlaid  with  3000  ml  of  sterile  JP-4  fuel  was  inoculated  with  two 
‘^-ml  water  bottom  samples  fros  Ramey  AFB  (Tanks  62  and55)«  Three  types  of 
columns  were  usedi  the  first  was  7^  nn  long  by  1.85/fVtemal  diameter 
packed  with  'Indicating  Soda  Lime,**  l60-200  steshi  the  second  was  75  long 

by  1.65  m  internal  diameter  packed  with  'Metalime,***  6O-IOO  meshi  and  the 
third  was  120  ns  long  by  2.5  nao  internal  dimneter  packed  with  'Indicating 
Soda  Lise,'*  160-200  mesh.  These  ooltmms  were  suspended  10  n  abore  the 
fuel-air  interface  and  the  system  sealed  and  incubated  at  room  temperature. 

The  results  indicated  the  colisnn  I.85  mm  internal  diameter  packed  with 
'Indicating  Soda  Lime*  exhibited  the  most  rapid  color  change.  Results  are 
listed  in  table  1. 


TABLE  1 

COLOR  CHANGI 
(in  mm/time  in  days) 


COLUMN 

3 

4 

5 

DAY 

6 

s 

7 

10 

11 

1 

6 

9 

10 

13 

15 

19 

23 

2 

3.5 

4.5 

5.5 

7 

8 

11 

12.5 

3 

3 

4.5 

-.5 

7 

8 

11.5 

16.5 

•  Malllnckrodt  Company,  "Indicating  Soda  Lime.' 

**  McKesson  Appliance  Co.,  Toledo,  Ohio. 
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On  the  besis  of  these  two  experiments,  colunns  75  long  by  1.85  bid 
Internal  diameter  packed  with  'Indicating  Soda  Lime,**  60>100  mesh,  ware 
used  in  all  subsequent  experiments.  The  pH  of  the  Bushnell-Haas  phase  of 
this  system  was  determined  before  inoculation  and  6  weeks  after  inoculation. 
The  pH  changed  from  6.9  to  6.5  ewen  though  the  Bushnell-Haas  exhibits  a 
buffering  action.  This  pH  drop  could  be  due  to  metabolie  by-produets  sueh  as 
fatty  adds.  Further  work  is  being  done  to  rerify  the  presenee  of  this  acid 
formation  and  determine  its  possiblm  oorrelation  with  corrosion  of  awtals. 

KPSRIMKIfr  <5.  A  series  of  4-ounoe  medicine  bottles  containing  20  ml  of 
sterile  Bushnell-Haas  medium  orerlaid  with  6o  ml  of  sterile  JP-4  fuel  was 
inoculated  with  fuel  semples  frcn  Turious  Air  Force  installations.  Uninoou- 
lated  sterile  controls  were  set  up.  Packed  ooluams  were  suspended  appresi- 
mately  5  »■>  eboTS  the  fuel-air  interface  end  the  system  sealed  and  incubated 
at  room  temperature.  The  results  are  listed  in  table  2. 

table  2 

COLOR  CHAMOS 
(in  mm/tima  in  days) 


SAMPU 

2 

5 

6 

9 

DAYS 

12 

13 

14 

1 

0 

0 

1 

2 

3 

3.5 

4 

2 

0 

0 

2 

h 

5.5 

6 

6 

3 

0 

1 

3 

11 

u 

17 

19 

k 

1 

6 

9 

18 

24 

2'; 

28 

S 

0 

0 

0 

2 

6 

6.5 

8 

6 

0 

8 

12 

15 

24 

24 

25 

7 

0 

0 

0 

1 

2.5 

4 

5 

8 

0 

0 

0 

1 

3 

4 

4.5 

9 

0 

0 

0 

0 

3.5 

6 

7 

10 

0 

0 

0 

0 

0 

6 

3 

n 

0 

0 

0 

0 

0 

0 

c 

12 

0 

0 

1 

0 

0 

0 

0 

5 

13 

0 

0 

0 

0  1 

0 

0 

0 

14 

0 

0 

0 

3.5 

5 

6 

15 

0 

0 

0 

0 

0 

0 

0 

*  Mallinekrodt  Company. 


The  change  in  color  of  the  indicator  appeared  earlier  and  proceeded 
most  rapidly  in  samples  3t  ht  These  samples  also  shoved  visually 

the  most  rapid  and  dense  growth  at  the  fuel-Bushnell-Hsas  interface.  In 
all  cases  visible  growth  was  preceded  by  the  color  change  of  the  Indicator. 

In  the  samples  with  no  color  change  there  was  no  visible  growth.  The 
controls  were  uniformly  negative. 

DISCUSSION  1 

The  technique  described  has  proved  successful  for  the  qualitative 
detection  of  microorganisms  in  the  laboratory  samples  of  JP-4  fuel  and 
tank  water  bottcms  tested  to  date.  The  samples  with  no  microbial 
contsDinatlon  have  been  consistently  negative  and  those  with  active 
microbial  contamination  have  shown  color  change  of  the  indicator  in 
farying  amounts.  We  have  been  able  to  correlate  roughly  the  rapidity  and 
length  of  color  change  in  the  columns  due  to  CO2  production  by  the 
organisms  with  the  appearance  and  density  of  visible  growth.  A  rougii 
index  of  microbial  growth  has  been  established  as  any  color  change  in  the 
Indicator  within  I4  days.  However,  this  index  is  pz^icated  on  the  system 
conditions  as  outlined  above,  l.e.,  colunns  I.65  nn  internal  diameter 
packed  with  60-IOO  mesh  'Indicating  Soda  Lime'*  suspended  over  80  ml 
sample  in  a  4-ounce  bottle.  Time  of  reaction  under  different  conditions 
will  fary  and  must  be  standardized  for  given  conditions. 

Attempts  are  being  made  to  correlate  nm  of  Indicator  color  change 
with  nis&ber  of  organisms.  Methods  of  quantitation  of  cells  involving 
determination  of  total  weight  or  total  nitrogen  have  not  proved  completely 
satisfactory.  If  total  weight  after  filtration  through  a  Mlllipore  filter 
or  after  centrifugation  is  used  as  an  estimation  of  number  of  organisms, 
any  non-vlable  organisms  or  inorganic  and  organic  contaminants  present  can 
contribute  an  appreciable  error.  Another  problem  of  quantitation  is  that 
total  weight  or  total  nitrogen  content  per  weight  of  samples  containing 
bacteria  or  fungi  or  mixed  populations  are  not  necessarily  comparable  since 
various  types  of  microorganisms  vary  widely  in  their  composition.  Therefore, 
the  determination  of  total  weight  or  total  nitrogen  need  not  necessarily 
reflect  the  number  of  organisms  in  the  fuel. 

There  is  another  aspect  of  this  problem  which  merits  consideration.  It 
is  certainly  possible  that  the  total  number  of  organisms  present  is  not  as 
important  as  the  type  of  organism.  For  example,  fungi  or  slime-forming 
bacteria  contributing  to  mat  formation  at  the  fuel-water  interface  are 
potentially  more  dangerous  even  in  small  nxsnbers  than  other  types  of  organisms. 
It  also  has  been  siiggested  that  a  'primal^  invader'  organism  may  first  alter 
the  environment  sufficiently  so  that  other  organisms  can  exist  and  grow  in  the 
fuel.  With  this  type  of  symbiotic  relationship,  the  number  of  organisms  loses 
important?  ir.  ronparison  to  the  activity  of  organisms  in  the  fuel.  Therefore, 


*  Mallinckrodt  Conpany. 
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althoiigh  work  is  continuing  on  quantitatively  correlating  the  number  of 
organisms  with  the  amoxint  or  length  of  color  change  in  the  indicator  column, 
the  qualitative  method  of  detection  is  recomnended  since  any  type  of  mioro- 
organlam  can  be  a  potential  problen  either  in  itself  or  living  in  symbiotic 
relationship  with  other  organisms. 

aim* 

▲  qualitative  method  for  the  deteotim  of  living  mloroorganlsais  in  JP-/^ 
fuel  besed  on  the  meesureawnt  of  CO2  produced  by  cellular  reapiration  is 
described.  Methods  of  quantitation  are  being  investigated  but  have  not  yet 
proved  satisfactory. 
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